Physicians should ideally be able to provide patients with chronic otitis media and/or cholesteatoma specific information about postoperative hearing outcome, based on their level of preoperative ossicular chain damage (OCD).
frequently affected by OCD. 5, 6 The pathophysiological process of ossicular chain destruction is thought to be multifactorial and might result from a combination of ostitis, pressure necrosis, and enzyme-mediated lysis. [3] [4] [5] [6] [7] [8] Because of disruption of the ossicular chain, OCD can lead to conductive hearing loss. This is clinically reflected on the audiogram as a difference between bone and air conduction thresholds, termed an air-bone gap (ABG). 9 In 1971, Austin 6 defined OCD classification criteria to match the type of OCD with specific ossicular chain reconstruction techniques. Austin defined 4 groups (A-D) on the basis of presence or absence of the malleus handle and stapes arch. 6 Kartush extended the Austin 6 criteria by adding 3 groups: group 0 with intact malleus, incus, and stapes; group E, fixation of the malleus head; and group F, fixation of the stapes. The latter criteria were therefore renamed the Austin-Kartush criteria. 6, 15 Since the development of the Austin-Kartush criteria, 6, 15 other authors have applied their own classification systems. Damage to individual (parts of) ossicles is specified in these other systems; however, the status of the other ossicles is not specified. The aim of this systematic review with meta-analysis was to identify the influence of the preoperative OCD level on postoperative hearing outcomes after COM and/or cholesteatoma surgery in adult patients. A larger postoperative ABG was expected in patients with extended preoperative OCD.
Methods

Search Strategy
A systematic search in the PubMed, EMBASE, and Cochrane Library databases was performed on December 13, 2014, for articles published between January 1, 1975, and December 13, 2014 . Relevant synonyms for the search terms "chronic otitis media," "cholesteatoma," "hearing outcome," and "air-bone gap" were combined in 1 search syntax (eAppendix in the Supplement). Because of the prognostic nature of our search query, the determinant OCD was not included in the search syntax in order to avoid missing relevant studies.
Study Selection
Using ProQuest Refworks software, duplicates were removed. Four authors (E.F.B., M.N.G., N.J.K., A.S.H.J.L.) screened all retrieved articles individually on title and abstract, using predefined inclusion and exclusion criteria (Figure) . Subsequently, full-text screening was performed by pairs of authors (E.F.B. and A.S.H.J.L., M.N.G. and N.J.K.). Studies evaluating the prognostic value of the preoperative OCD level in patients with COM with or without acquired cholesteatoma were included. Both studies using the Austin or AustinKartush criteria 6, 15 and studies evaluating OCD using alternative classification systems were included. All authors who performed literature screening participated in the discussion leading to selection of articles for this systematic review. A cross-reference check was performed for all selected articles. Final inclusion of articles was decided with 1 additional independent author (H.B.). The method of surgical ossicular chain reconstruction reported in studies can vary as a result of the type of identified OCD. Therefore, we did not select studies on the basis of the type of applied reconstruction and assumed all patients to have received optimal therapy. Only studies reporting original data were included.
Critical Appraisal
Four authors (E.F.B., M.N.G., N.J.K., A.S.H.J.L.) critically appraised the selected studies on relevance and validity ( Table 1) . Critical appraisal criteria were based on the Cochrane Collaboration tool for assessing risk of bias 36 (Table 1) . To optimally select the available evidence, we allocated most value to the combination of the following relevance criteria: (1) exclusion of congenital cholesteatoma, (2) application of predefined OCD categories, and (3) outcome defined as mean postoperative ABG, preferably measured using the American Academy of Otolaryngology-Head and Neck Surgery (AAO-HNS) guidelines.
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These criteria were used because congenital cholesteatomas are of different etiology, pathophysiologic characteristics, and behavior than acquired cholesteatomas. 38 Second, it was essential for OCD to be reported in a similar and categorical manner in order to compare results between studies. Finally, to pool hearing outcome data, postoperative ABGs had to be measured according to a similar protocol. Each item of the critical appraisal was rated satisfactory, partly satisfactory, or unsatisfactory. In addition to rating individual relevance and validity criteria, we graded the overall relevance and validity using high, medium, and low ratings. High relevance represented 2 or more satisfactory ratings; medium, 1 satisfactory rating; and low relevance, no satisfactory rating. For the validity sections of the critical appraisal, at least 3 satisfactory ratings led to a high score, 2 satisfactory ratings represented a medium score, and 1 satisfactory rating, a low score (Table 1) . We included studies that were graded as having high relevance.
Data Extraction
We compared results using mean postoperative ABGs in decibels as outcome measure. If studies did not report 95% confidence intervals (CIs), raw data were extracted from the original articles and 95% CIs were calculated using Graphpad Software 2015. 39 We assessed whether studies corrected for confounding variables in their analysis. Data were pooled when hearing outcomes (ABGs) of patients with the same OCD subtype, after a comparable fol-ossicles was reported. Comprehensive Meta-analysis (Biostat; version 2.2.046) was used to perform heterogeneity analysis and pool results from studies when the I 2 was smaller than 50%. 40 To determine significance between reported data when no P values were provided within a study, we elected to calculate P values using an unpaired 2-tailed t test (Graphpad Software 2015). 39 Furthermore, we calculated P values to compare pooled results.
Results
Search Strategy and Study Selection
Our search yielded 5661 articles. After title and abstract screening, we considered 44 articles eligible for full-text assessment. Five authors were contacted to retrieve additional information; only one 41 replied. We identified 2 additional relevant articles by cross-reference checking of reference lists of selected articles ( Figure) . 11, 25 We selected 25 articles for critical appraisal after full-text assessment ( Figure) . All selected studies were retrospective case series, except for 1 prospective case series 30 (Table 1) .
Critical Appraisal
The relevance of evidence was high in 9 of 25 studies, so these were included in the present review (Table 1) . [10] [11] [12] [13] [14] [16] [17] [18] [19] Sixteen articles were excluded because they had only a low to medium degree of relevance of evidence (Table 1) . [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] Included studies carried a low to high risk of bias. Air-bone gaps were measured according to the frequencies recommended by the AAO-HNS. 37 Only 3 of 9 studies specified that patients with congenital cholesteatoma were excluded (Table 1) . 10, 12, 14 One study included only older adolescent and adult patients ( Table 2) .
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Six studies included both children and adults, 10, 11, 13, [17] [18] [19] 10 was included because of high domain relevance, we did refrain from including reported outcomes into our meta-analysis. Seven included studies reported loss to follow-up. [10] [11] [12] [13] [14] 16, 17 Only 1 study reported the quantity and method of handling of missing data. 12 Blinding of the health care professional who performed determinant measurement was not reported in any of the included studies (Table 1 ). In none of the Plus sign indicates hearing outcome specified as air-bone gap after reconstruction of the ossicular chain when needed; minus sign, hearing outcome specified as conductive hearing loss only or outcome specified otherwise.
f Plus sign and minus sign indicate loss to follow-up of less than 20% and more than 20%, respectively. g Plus sign indicates that missing data were mentioned and quantified in the study, with method of handling described, or there were no missing data; minus sign indicates that missing data were mentioned in the study, but the method of handling them was not described.
h Plus sign indicates that OCD was measured by the same surgeon in a uniform and protocolled manner; plus/minus sign, OCD was measured by the same surgeon in a nonuniform and protocolled manner; minus sign, determinant was measured by different surgeons. Extracted data on patient characteristics are presented in Table 2 . In 4 studies, patients with COM with and without cholesteatoma were included. 13, 14, 17, 19 Two studies only included patients with both COM and cholesteatoma. 16, 18 Two studies included patients with cholesteatoma but did not define COM status. 10, 12 One study included patients with cholesteatoma but, in addition, included patients (28.0%) with various surgical indications (eg, conductive hearing loss, atelectasis, perforation).
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Hearing outcomes, reported in the latter study, were sufficiently homogenous in comparison with the other 8 studies to justify inclusion in the present review. Included patients received different surgical treatments between and within studies (Table 2) . Two studies applied the canal-wall-down procedure, 10,16 whereas 1 study used the canal-wall-up procedure. 13 Two studies applied a mastoidectomy, combined with tympanoplasty when this was indicated. 14, 19 Various prosthesis types were used to reconstruct the ossicular chain (Table 2) . One study did not specify the type of prosthesis that was applied. 14 Mean duration of follow-up between included studies ranged from 9.8 to 62.4 months postoperatively. Three studies measured hearing outcome at 6 months postoperatively, 13, 17, 19 2 studies at 12 months postoperatively, 16, 17 and the remaining 5 studies did not report when audiometry was performed. [10] [11] [12] 14, 18 Hearing Results
Hearing results of studies using Austin-Kartush criteria 6,15 are displayed in Table 3 Hearing outcomes reported in studies that assessed the influence of individual ossicle damage are presented in Table 4 . We were able to pool results of patients with an absent malleus handle (I 2 = 0%): mean postoperative ABG was 25. ) in relation to the postoperative hearing results (ABG). Abbreviation: NA, not applicable; NR, not reported. a Group 0 indicates an intact malleus, incus, and stapes; group A refers to a present malleus and stapes; group B refers to a present malleus and an absent stapes; group C indicates an absent malleus and present stapes; group D refers to an absent malleus and stapes; group E represents a malleus head fixation;
and group F indicates stapes fixation. b P < .001 (calculated by us) between pooled results in groups B and D. c P < .001 (calculated by us) between the pooled results in groups B and C.
Discussion
The aim of this systematic review and meta-analysis was to identify whether the level of OCD could predict the postoperative hearing outcome (ABG) in patients with COM with and without cholesteatoma. The 9 included studies had high relevance and carried a low to high risk of bias. To our knowledge, this is the first systematic review to report the prognostic value of OCD on postoperative hearing prognosis, expressed in ABG.
Pooled results of studies using the Austin-Kartush criteria [11] [12] [13] showed that malleus presence predicted a significantly (P < .05) better postoperative hearing outcome compared with an absent malleus, independent of the condition of the stapes. This finding is supported by the individual results of Stankovic 12 and Felek et al, 13 who showed significant (P < .05) better hearing outcomes in patients in AustinKartush group A (intact malleus and stapes) than in those in Austin-Kartush group C (absent malleus, intact stapes). Furthermore, Stankovic 12 showed a significant difference in hear- procedure, whereas in our review several surgical procedures were assessed. Inclusion of more aggressive surgical approaches, such as canal-wall-down mastoidectomy, may result in larger postoperative conductive hearing loss levels. This review has several strengths and limitations. Four authors (E.F.B., M.N.G., N.J.K., A.S.H.J.L.) independently screened articles and performed critical appraisal, which improved objectivity and uniformity. We decided not to include studies that reported ABG in bins (most frequently reported as <20 or >20 dB) because this disables data pooling and decreases the applicability in daily practice: informing patients about their likely exact postoperative hearing results. Studies by Yung and Vowler, 41 Glasscock, 43 and Wilson et al 42 were thus excluded.
Although heterogeneity analysis allowed a meta-analysis to be performed, several remarks have to be made about differences among included studies in patient characteristics, surgical techniques used, and outcome measurement. Included studies evaluated patients with COM with or without cholesteatoma. However, Dornhoffer and Gardner 11 included 56 patients (28.0%) with diagnoses of other diseases, such as atelectasis, incus necrosis, traumatic incus dislocation, and malleus head fixation (Table 2) . No specific analysis was performed for each of these abnormalities, which could have influenced hearing outcomes and pooled results. Nonetheless, this study had high overall relevance and a medium risk of bias and was therefore still included in pooling of the results. In addition, inclusion was supported by a sufficient outcome of the heterogeneity test (I 2 < 50%).
Second, patients received different types of ossicular reconstructive surgery within and between studies ( Table 2 ). None of the included studies required correction for the type of delineated surgery. Each operative approach may result in different postoperative conductive hearing loss, 12 which should be taken into account when results are interpreted. Third, differences in method and timing of outcome measurement could have influenced the measured hearing outcome. Five of the 9 studies did not report when postoperative audiometry was performed. [10] [11] [12] 14, 18 In addition, the range in reported follow-up times among studies was 3 to 256 months, and some studies did not report it ( Table 2 ). The moment when postoperative hearing outcome was assessed could have influenced the results: this could have been too soon after surgery in several studies and could explain differences in results between studies. Four studies even excluded patients who were lost to follow-up, possibly inducing selection bias. 10, 25, 39, 40 Fourth, 5 studies did not perform multiple regression analysis to assess possible confounders. 10, 12, 13, 16, 19 Therefore, the association between OCD and postoperative hearing results could have been influenced by other factors. Four studies did carry out multiple regression analysis, but it must be noted that the performed analysis only accounts for the reported confounders. 11, 14, 17, 18 Finally, all included studies were retrospective case series, which marks the need for future prospective studies with a higher level of evidence. For future studies, we recommend the use of the Austin-Kartush criteria 6, 15 to measure OCD and the AAO-HNS guidelines in audiology for reporting hearing outcomes at standardized intervals to maximize comparability of results.
Conclusions
This meta-analysis enables health care professionals to predict postoperative hearing results (ABG) in patients with COM, with or without a cholesteatoma, defined according to the specific preoperative OCD level. Results showed that in patients with COM with cholesteatoma, OCD was associated with a significantly worse hearing outcome compared with an intact ossicular chain. The condition of the malleus was the most important predictor of postoperative hearing outcome (ABG), independent of the condition of the stapes. Our recommendations are based on retrospective case series, which indicates the need for future studies with a higher level of evidence.
